Background: The serum erythrocyte sedimentation rate and C-reactive protein level, as well as the synovial fluid white
differential performed the best for the diagnosis of periprosthetic joint infection. Physicians evaluating patients with a failed or painful total hip or knee arthroplasty should not assume that elevation of the erythrocyte sedimentation rate, C-reactive protein level, and synovial fluid white blood-cell count with differential is secondary to inflammatory arthropathy; rather, elevation of these markers may indicate periprosthetic joint infection, and further evaluation for infection is warranted.
Level of Evidence: Diagnostic Level I. See Instructions for Authors for a complete description of levels of evidence. P eriprosthetic joint infection is among the most common and severe complications of total joint arthroplasty, affecting 1% to 3% of patients and leading to substantial patient morbidity and health-care costs [1] [2] [3] [4] [5] [6] [7] . Recent studies have shown that periprosthetic joint infection is the most common reason for revision total knee arthroplasty 8 and the third most common cause for revision total hip arthroplasty 9 . When evaluating pain or the cause of failure at the site of a total hip arthroplasty or total knee arthroplasty, a simple and accurate means of diagnosing periprosthetic joint infection is critical for directing patient management.
Several studies have demonstrated the effectiveness of the serum erythrocyte sedimentation rate (ESR), serum C-reactive protein (CRP) level, and synovial fluid white blood-cell (WBC) count with differential (the percentage of polymorphonuclear cells or neutrophils) for diagnosing periprosthetic joint infection [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] . However, these tests are commonly believed to be inaccurate for the evaluation of patients with inflammatory arthritis. Prior studies that have evaluated the utility of these tests have either specifically excluded or not separately analyzed their use for the evaluation of such patients. In addition, as patients with inflammatory arthritis often undergo total joint arthroplasty and are known to be at higher risk for periprosthetic joint infection [3] [4] [5] , it is important for the orthopaedic surgeon to have a strategy for evaluating these patients.
The purpose of the present study was to determine the utility of the pre-revision serum ESR, serum CRP, and synovial fluid WBC count with differential for detecting chronic periprosthetic joint infection in patients with inflammatory arthritis. We hypothesized that the optimal cutoff values for these tests would be different between patients with a history of inflammatory and noninflammatory arthropathy.
Materials and Methods

O
ne thousand, one hundred and seventy-nine failed hip and knee arthroplasties in 1113 patients were prospectively evaluated and subsequently revised by one of two fellowship-trained lower extremity arthroplasty surgeons (C.J.D.V. and S.M.S.) from September 2002 to September 2009. Three hundred and eight arthroplasties were excluded because of prior surgery within ninety days before the revision, the administration of antibiotics at the time of evaluation, or a history suggestive of acute hematogenous infection 16 , leaving 871 total joint arthroplasties in 803 patients available for study. Data on 197 hips and seventy-two knees in the group of patients with noninflammatory arthritis have been reported in previous studies examining the value of the serum ESR, serum CRP, synovial fluid WBC count, and differential 15, 18 . The indication for the primary arthroplasty was noninflammatory arthritis in 810 cases and inflammatory arthritis in sixty-one cases. The sixty-one cases of inflammatory arthritis included rheumatoid arthritis (fiftyseven cases), juvenile rheumatoid arthritis (three cases), or ankylosing spondylitis (one case); all patients who were classified as having inflammatory arthritis were diagnosed by a rheumatologist and met the American College of Rheumatology criteria for the respective conditions 20 . The inflammatory arthritis group comprised forty total hip arthroplasties and twenty-one total knee arthroplasties, and the noninflammatory arthritis group comprised 448 total hip arthroplasties and 362 total knee arthroplasties. The inflammatory and noninflammatory arthritis groups were similar in terms of the distribution of hips and knees (p = 0.2733) and the percentage of patients who had undergone a prior revision procedure (p = 0.0916); however, the patients in the inflammatory arthritis group tended to be younger (p = 0.03) and were more commonly female (p = 0.005) ( Table I ).
All patients had testing of the serum ESR and CRP at the time of the initial evaluation by the operating surgeon (C.J.D.V. or S.M.S.) and had joint aspiration either preoperatively or intraoperatively; if synovial fluid was obtained, a synovial fluid WBC count with differential culture was obtained. At the time of revision arthroplasty, if the joint had not been aspirated preoperatively, an aspiration was performed prior to the arthrotomy and the fluid was sent for culture and an intraoperative synovial fluid WBC count with differential. Upper limits of normal for ESR and CRP in our laboratory are 27 mm/hr and 8.0 mg/L, respectively. The gross intraoperative appearance of the arthroplasty site was routinely noted; three full sets of deep culture specimens (including tissue for culture) were obtained and tested for aerobic and anaerobic bacteria, fungi, and acid-fast bacilli; and samples of soft tissues adjacent to the prosthesis were sent for frozen-section and permanent histopathological examination. A periprosthetic joint infection was diagnosed if the patient had two positive cultures of specimens from the joint (defined as growth of organisms on solid media) or met two of the following three criteria: the presence of a sinus tract or gross purulence at the time of revision, one positive deep culture, or histopathological findings consistent with infection with a mean of more than ten polymorphonuclear cells in the five most cellular fields examined [21] [22] [23] [24] [25] . The data for patients with inflammatory arthritis and noninflammatory arthritis were analyzed separately, and the results were compared. Normally distributed univariate data were analyzed with use of t tests, and categorical data were analyzed with use of the chi-square test. Receiver operating characteristic curves were used to evaluate the ESR, CRP, synovial fluid WBC count, and differential for the diagnosis of periprosthetic joint infection in each group of patients. The area under the curve, a measure of the overall accuracy of these measures, and the associated receiver operating characteristic curves were estimated with use of logistic regression models. Model standard errors were adjusted to take overdispersion into account. The Youden J statistic was used to aid selection of optimal cutoff points, maximizing the sensitivity and specificity of each test, with adjustment and consideration for clinically acceptable combinations of sensitivity and specificity. The sensitivity, specificity, positive predictive value, and negative predictive value at the selected cutoff points were calculated from the model-based estimate, as were the 95% confidence intervals for these measures.
Source of Funding
No funds were received in support of this study.
Results
P
eriprosthetic joint infection was diagnosed following nineteen procedures (31%) in patients with inflammatory arthritis and 146 procedures (18%) in patients with noninflammatory arthritis, making the rate of periprosthetic joint infection significantly higher in patients with inflammatory arthritis who underwent revision surgery (p = 0.013). The culture results for the patients who were diagnosed with periprosthetic joint infection are shown in Table II .
The receiver operating characteristic curves for the ESR, CRP, synovial fluid WBC count, and differential in each patient population are depicted in Figures 1-A through 1-D . The likelihood ratio test for each diagnostic test in each patient population indicated a significant relationship to the presence of periprosthetic joint infection with a p value of <0.001 for each test. Goodness of fit 
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varied among the tests but was sufficient in both patient populations according to the deviance criterion (p > 0.05) 26 . There was some indication of significant overdispersion, specifically for data on CRP, synovial WBC count, and differential in the noninflammatory group, and model standard errors were adjusted to take this into account. 
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The optimal thresholds for diagnosing periprosthetic joint infection for the ESR, CRP, synovial fluid WBC count, and differential were similar for both groups of patients (Table III) . The diagnostic optimal threshold for the ESR was 32 mm/hr for patients with noninflammatory arthritis and 30 mm/hr for those with inflammatory arthritis. Similarly, the optimal threshold for the CRP was 15 mg/L for patients with noninflammatory arthritis and 17 mg/L for those with inflammatory arthritis. Finally, the optimal threshold for the synovial fluid WBC count was 3450/mL for patients with noninflammatory arthritis and 3444/mL for those with inflammatory arthritis, with differentials of 78% and 75%, respectively. 598 4, 2012 In addition, the sensitivities, specificities, negative predictive values, and positive predictive values for all tests were comparable for patients with inflammatory and noninflammatory arthritis (Table III) . Moreover, the overall accuracies of each test, as described by the area under the curve, were similar between the two groups ( Fig. 1-A through 1-D and Table III ). For both patient populations, the synovial fluid WBC count and differential were more accurate tests than the serum ESR and CRP.
Discussion
T he scope and impact of periprosthetic joint infection are well known, as is the critical importance of early diagnosis and intervention. While infection may be suggested by clinical presentation in some cases, it is often an occult reason for pain or implant failure that must be considered in the preoperative workup prior to any revision arthroplasty. Patients with underlying inflammatory conditions are predisposed to infection 3, 5 , and periprosthetic joint infection was the most common cause for revision in the inflammatory arthritis group, occurring at a significantly higher rate than in the noninflammatory arthritis group (p = 0.013). For these reasons, a simple, low-cost, and widely available means of diagnosing infection in patients with inflammatory as well as degenerative arthritis is essential.
Several studies have identified the serum ESR, serum CRP, and synovial fluid WBC count and differential as highly sensitive tests for periprosthetic joint infection, with the values rarely being normal in the presence of infection [11] [12] [13] [14] [15] [16] [17] [18] [19] . However, previous studies have either excluded or not separately analyzed patients with inflammatory arthropathies as the tests are commonly believed to be nonspecific in this population. Our results suggest that serum and synovial fluid markers are comparable tests for periprosthetic joint infection in patients with inflammatory and noninflammatory arthritis (Table III) .
The optimal thresholds that we observed for the diagnosis of periprosthetic joint infection not only were similar between patient groups but also were consistent with previously reported values (see Appendix). Our ESR cutoff values were 32 mm/hr for noninflammatory arthritis and 30 mm/hr for inflammatory arthritis, which were similar to the traditionally accepted threshold of 30 mm/hr. However, our CRP cutoff values of 15 mg/L for noninflammatory arthritis and 17 mg/L for inflammatory arthritis were higher than the often-used threshold of 10 mg/L. The optimal synovial fluid WBC count and differential thresholds were 3450/mL and 78%, respectively, for noninflammatory arthritis, compared with 3444/mL and 75%, respectively, for inflammatory arthritis. These values were consistent with those of multiple prior studies with cutoff values of 1100 to 3000/mL and 60% to 80% neutrophils, respectively [11] [12] [13] [14] [15] [16] [17] [18] [19] . We found that the synovial fluid WBC count and differential were the best tests for differentiating septic from aseptic failure in patients with inflammatory and noninflammatory arthritis. The synovial fluid WBC count and the percentage of neutrophils were highly predictive of periprosthetic joint infection in both patient populations. Thus, an elevated ESR and CRP should prompt arthrocentesis to more accurately evaluate the likelihood of infection.
One patient with rheumatoid arthritis who underwent revision total knee arthroplasty had an elevated synovial WBC count (69,000/mL) and differential (75% polymorphonuclear cells) but no growth on cultures of specimens from multiple preoperative and intraoperative aspirations (including cultures for acid fast bacilli and fungi). The histopathological findings were consistent with infection but also were suggestive of inflammatory synovitis in some areas. The patient subsequently underwent multiple operative debridements because of persistent elevation of the synovial fluid WBC count, yet all cultures remained negative. This pattern was observed in only one patient in our series, and although it may represent a culturenegative infection, the patient may instead have had persistent synovitis related to rheumatoid disease, even after arthroplasty and multiple synovectomies. Therefore, it remains possible that a patient with inflammatory disease occasionally may have a high synovial fluid WBC count and differential in the absence of deep periprosthetic joint infection.
We recognize that there were important limitations to our study. First, patients may have presented in various stages of inflammatory disease activity, which may have affected the ESR and CRP. The rheumatologic literature recommends monitoring disease activity with use of several graduated scoring systems. These systems are based on changes in inflammatory markers, clinical signs and symptoms, and subjective questionnaires relative to each patient's baseline status; thus, there is no universal threshold for active compared with inactive inflammatory joint disease 27 . However, we believe that we have captured the spectrum of disease activity in the population studied and that our experience was similar to what the orthopaedic surgeon encounters in practice. Nonetheless, our results should be interpreted with some caution as inflammatory disease may cause elevations of the ESR and CRP independent of periprosthetic joint infection, which could lead to an unnecessary preoperative joint aspiration. Similarly, we recognize that, although specific diagnostic thresholds for the laboratory values are presented and are useful to the clinician, a continuum of these values exists. As these values could be affected by numerous variables and may change over time, the value of synovial fluid cultures and other indicators of periprosthetic joint infection must be considered. Second, there is no established gold standard for the diagnosis of periprosthetic joint infection; therefore, although our criteria are well accepted 10, 11, 15, 17, 19 , it is possible that some patients may have been misclassified as having (or not having) an infection, which may have affected our analysis. In addition, there were many more patients with an index diagnosis of noninflammatory as opposed to inflammatory arthritis, and this affected the results of our statistical analysis, which was demonstrated by the larger confidence intervals for the patients with inflammatory arthritis. However, given the relatively large numbers presented, we believe that our results were valid. We also found that the prevalence of periprosthetic joint infection was significantly higher in the inflammatory arthritis group, which may have affected our statistical analysis. Specifically, with an infection rate of 31% for revisions in patients with inflammatory arthropathy as compared with 18% for those in patients with noninflammatory arthropathy, calculations such as the positive predictive value should be interpreted with some caution given the differences in the base incidence of periprosthetic joint infection. Finally, we observed that patients in the inflammatory arthritis group tended to be younger and were more commonly female. Although this constitutes a potentially confounding variable, the prevalence of inflammatory conditions in women is known to be higher in general, not only in our study population.
Despite the common belief that the serum ESR, serum CRP, and synovial fluid WBC count with differential do not accurately diagnose periprosthetic joint infection in patients with underlying inflammatory conditions, our results demonstrate that such tests are similarly effective for such patients as they are for patients with noninflammatory arthritis. None of the optimal cutoff values that were studied were substantially different between the two populations, and the tests all had comparable diagnostic values in each group. Thus, serum and synovial fluid markers constitute accurate, ubiquitous, and inexpensive tests for periprosthetic joint infection in patients with either inflammatory or noninflammatory arthritis. Occasionally, however, patients with inflammatory arthropathy may have a persistently elevated synovial fluid WBC count following arthroplasty that is related to persistent synovitis rather than to periprosthetic joint infection.
